Synthesis of a series of novel spiro pyrrolidines has been accomplished by 1, 3-dipolar cycloaddition reaction of azomethine ylide generated from phenylalanine and isatin with dipolarophiles in good yield. The reaction proceeded with high regio and stereoselectivity. The products have been characterized by elemental analyses and spectroscopic techniques, namely IR, 1 H NMR and 13 C NMR spectroscopies. Single crystal analysis of compounds 4k 2D-NMR analysis of compound 4k confirmed the structures of spiropyrrolidine derivatives. These compounds were evaluated for their antimicrobial activity. Most of the synthetic compounds exhibited good activity against microorganisms.
INTRODUCTION
Heterocyclic compounds predominantly five and six membered ring compounds have occupied a massive place among varied categories of organic compounds for their various biological activities. 1 Among a wide variety of heterocycles that are explored for developing pharmaceutically necesaary molecules, isatin have played an vital role in medicinal chemistry [2] [3] [4] . A number of them have received significant attention as potential antimicrobial agents [5] [6] . Indol-2, 3-diones (Isatin) represent an important class of medicinal agents
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www.orientjchem.org reaction has also been employed for the construction of spiro compounds, and by this fashion several spiro [pyrrolidine-2, 3'-oxindoline] derivatives have been synthesized. [9] [10] The azomethine ylide represents one of the foremost reactive and versatile categories of 1,3-dipoles and is instantly concerned trapped by a range of dipolarophiles forming substituted pyrrolidines. 11 1,3-dipolar cycloaddition reactions of azomethineylides has been well developed, and also the reactions proceed with high regio-and stereoselectivity 12, 13 . Thiophene and its derivatives are the significant class of heterocyclic compounds possessing broad biological activities, such as antiinflammatory 14 , analgesic 14 , antioxidant 15 , antitubercular, 16 antidepressant, 17 sedative, 18 antiamoebic, 19 oral analgesic, 20 anti-metabolite, 21 and antineoplastic properties. 22 For a extended analysis of the regiochemistry in 1,3-dipolar cycloaddition reaction and also the bioactivity of spiro [pyrrolidine-2,3'-oxindoline] compounds, three varieties of trapping agents like dipolarophiles, diketone, -amino acid, were introduced during this reaction to synthesis a series of spiro [pyrrolidine-2,3'-oxindole] derivatives, with that the bioactivity on anti-microbial activity was evaluated. In continuation of our research interests concerning the economical assembly of spiro-oxindoles ,we wish to report herein a 1,3-dipolar cycloaddition reaction involving enone segment (E)-3-aryl-1-(thiophen-2-yl)-prop-2-en-1-one to synthesize spiro oxindoles. To the most effective of our information , this is often the primary report on (E)-3-aryl-1-thiophen-2-yl)-prop-2-en-1-one employed as dipolarophile in cycloaddition of azomethine ylides to synthesize functionalised spiro-oxindoles. 23 This reaction is regioselective with the addition of the electron rich carbon of the dipole to the -carbon of 4a-4k and stereoselective affording only one isomer in good-to-excellent yields, albeit four stereocenters are present in these cycloadducts. The atom-economy of the reaction is also very high, viz. 80-97% as water and carbon dioxide alone are generated as waste.
EXPERIMENTAL

Apparatus and analysis
IR spectra were recorded in AVATAR-330
FT-IR spectrophotometer. 1 H NMR spectra were recorded at 400 MHz on BRUKER DRX spectrophotometer using CDCl 3 as solvent and TMS as an internal standard. 13 C NMR spectra were recorded at 100 MHz on BRUKER DRX spectrometer in CDCl 3 Microanalysis was performed on Heraeus Carlo Erba 1108 CHN analyzer. The melting points were recorded in open capillaries and are uncorrected. The following abbreviations were used to indicate the peak multiplicity s-singlet, d-doublet, t-triplet, q-quartet, and m-multiplet. The various substituted (E)-3-aryl-1-(thiophen-2-yl) prop-2-en-1-ones 2a-2k were synthesized in accordance with the literature 23 .
General procedure for preparation of the (E)-3-aryl-1-(thiophen-2-yl) prop-2-en-1-ones ( 2a-2k)
To an ethanolic solution (30 mL) of 2-acetyl thiophene (1 mmol) and substituted benzaldehyde (1 mmol), aqueous sodium hydroxide (5 mmol) was added dropwise with mechanical stirring over 10 min. Stirring was continued for the time indicated in (Table 2 ) After completion of the reaction, the crude product was isolated by filtration and washed with water, dried, and recrystallized from ethanol 23 .
General procedure for the synthesis of thiophenyl grafted spiropyrrolidines bearing oxindole system (4a-4k)
A mixture of isatin (2) (1 mmol), phenyl alanine (1 mmol) and (E)-3-aryl-1-(thiophen-2-yl) prop-2-en-1-ones (2a-k) (1 mmol) in methanol (20 mL) was refluxed with stirring for the appropriate time (see Table 2 ). The reaction mixture was cooled to room temperature. The solid precipitated from the reaction was filtered and recrystallized from ethanol to afford crystalline products. 
5'-benzyl-3'-(thiophene-2-carbonyl)-4'-(4-methylthiophenyl)-spiro[indoline-3,2'-pyrrolidin]-2-one(4d)
Yield 
5'-benzyl-3'-(thiophene-2-carbonyl)4'-(4-nitrophenyl)-spiro[indoline-3,2'-pyrrolidin]-2-one (4e)
4'-(4-Bromophenyl)-5'-benzyl-3'-(thiophene-2-carbonyl)spiro[indoline-3,2'-pyrrolidin]-2-one (4j)
X-ray crystallography
X-ray data collection, structure determination and refinement of compound 4k single crystals suitable for diffraction were obtained by the slow evaporation of a solution of the compound in methanol. The orange colour crystal of the compound 4k having appropriate dimensions of 0.100 x 0.160 x 0.250 mm was mounted on a glass fiber with epoxy cement for the X-ray crystallographic study 25 . Bruker axs kappa apex2 CCD diffractometer equipped with graphite monochromated Mo K ( = 0.71073 Å) radiation was used for the measurement of data. The collected data were summarised using the SAINT program and structural refinement was carried out by Full-matrix least-squares on F^2 (SHELXL-97),. 26 Molecular graphics employed include ORTEP and PLATON. 27 The ORTEP view of the compound with atomic numbering is shown in Fig. 2 .
RESULTS AND DISCUSSION
Chemistry
In the present investigation, the 1,3-dipolar cycloaddition of azomethine ylides, generated insitu via decarboxylative condensation of substituted dipolarophiles (2a-k) , isatin(4) and phenylglycine (5) in methanol afforded novel spirooxindole pyrrolidine 6a-k in high yields. (Scheme : 1) Different choice of solvents such as methanol, ethanol, dimethyl sulfoxide and acetonitrile and toluene were used to optimise the reaction condition. Among these, methanol is the appropriate solvent to relinquish high yields at minimum time and also purification of the product by precipitation is much easier when compared to was filtered off and washed with ethanol to obtain pure spirooxindole pyrrolidine derivatives 6a-k in 82-94% yields in region-and stereocontrolled manner. (Table: 1)
The structure and regiochemistry of the cycloadducts were characterized by spectroscopic data The results are summarised in (Table 2 ).
The two possible regio approaches of 1,3-dipole and dipolarophile were shown in path A and B in Scheme 3. Two -electrons of the dipolarophile and four electrons of the dipole participate in a concerted, pericyclic shift. The addition is stereo conservative (suprafacial) and the reaction is therefore a [2S+4S] cycloaddition. This reaction occurs through the interaction between HOMO of azomethine ylide and LUMO of the alkene. The regioselective product which cyclises solely via path B instead of path A. But, two diastereomers are doable for this regioselective product which were shown in path X and Y in Scheme 3. The transition state fashioned by path X stabilised by secondary orbital interaction between carbonyl groups of 1,3-dipole and dipolarophile, whereas no such secondary orbital interaction is feasible in path Y, therefore the reaction proceeds via path X and only resulting in regio-and diastereoselective spirooxindole-pyrrolidine products.
The structures of all the products are in good agreement with their 1D and 2D NMR spectroscopic data as illustrated for 4k
The IR spectrum of spiro-pyrrolidine 4k, showed peak at 1712 cm -1 due to thiophenyl carbonyl whereas the oxindole ring carbonyl resonated at 1608 cm H NMR spectrum of 4k displayed triplet at  3.83 ppm (J =10.6 Hz) due to benzylic proton (H-4) of pyrrolidine ring. The pyrrolidine ring proton of C-3 which is attached to the thiophenyl moiety appeared as a doublet at 4
.37 ( J = 10.8Hz). The H-5 proton of pyrrolidine moiety which is attached to the phenyl alanine moiety resonated as multiplet at  4.23 -4.18 ppm. Two doublets of doublets at  2.69 and 2.99 ppm were attributed to CH 2 Ph due to the diastereostopic impact of C-5. The aromatic protons appeared as multiplets in the region of 6.43-7.38ppm. . The -NH proton of the oxindole moiety appear as a singlet at  8.10 ppm. The off-resonance decoupled 13 C NMR spectra of 4k added conclusive support to the proposed structure. The spiro carbon resonates at 6 9.3 ppm. The oxindole carbonyl and thiophenyl carbonyl carbon resonated at  182.1 and 189.2. ppm respectively. These ascertained chemical 50  10  50  100  50  100  50  100  50  100  50  100   4a  16  18  09  10  10  11  08  10  10  11  13  15  4b  18  19  13  14  06  07  09  11  10  10  13  15  4c  15  16  13  14  14  15  11  12  10  12  08  09  4d  09  10  08  09  07  08  06  07  05  06  07  08  4e  09  10  09  10  09  11  09  10  09  10  09  10  4f  21  22  19  20  16  18  19  20  19  20  19  20  4g  17  19  17  18  16  17  18  19  17  18  17  18  4h  17  18  14  15  15  16  11  12  15  16  17  18  4i  20  21  18  19  17  18  18  19  15  16  15  17  4j  20  21  18  19  17  19  17  18  19  20  18  19  4k  23  24  25  26  26  27  19  20  20  21  19  20  Ampicillin  27  32  30  32  28  31  25  27  ----Fluconazole --------25  28  24  27 shift values confirm the proposed structure. This is often supported by their DEPT 135 method, where the spiro carbon did not show any predictable peak. The COSY experiment allowed the complete assignment of the hydrogens (4k) (Fig. 1) . The doublet at 5.06 ppm (J = 10.4 Hz) reveals cross peak with the triplet focused at 4.20 ppm (J = 10.6 Hz) and this triplet shows cross peak with the doublet in the region of 4.52 ppm. This clearly indicates that doublet is attributable to pyrrolidine ring proton at C-3 which is attached to the thiophenyl moiety and the triplet is due to pyrrolidine ring proton at C-4 which is attached to the phenyl moiety.
In order to elucidate these assignments, 1 H-13 C COSY spectrum of compound 4k was also recorded and shown in (Fig. 2) . From the 1 H-13 C COSY spectra the signals of all carbons containing hydrogen could be assigned unambiguously (Fig.1) The signal at 64.4 ppm showed the correlation with the pyrrolidine ring proton of C-3 at 4.37 ppm. The signal at 52.1 ppm showed a cross peak with pyrrolidine ring proton of C-4 which is attached to the phenyl moiety exhibit a triplet at 3.83 ppm. This clearly confirms that this signal is due to the C-4 carbon. From proton chemical shifts of C-2 and C-5 the corresponding carbon signal observed at 69.3 and 64.7 ppm are due to C-2 and C-5 carbons respectively in 4k.
The above assignments are further confirmed by HMBC experiment (4k), The doublet 
Antimicrobial activity
All the synthesized compounds were screened for their antibacterial activity against Echerichia coli, Enterobacter aerogens Shigella flexneri,Salmonella typhimumium bacterial strains and antifungal activity against Candidaalbicans, Aspergillus niger fungal strains.The agar well diffusion method was followed to determine the antimicrobial activity. For agar well diffusion method 24 .Antimicrobial susceptibility was tested on solid Agar-Agar media in Petri plates. For bacterial assay nutrient agar(NA) was used for developing surface colony growth. Prepared media was then sterilized by autoclaving the media at (121ÚC) for 15 min. NA plates were swabbed (sterile cotton swabs) with 8 hr old-broth culture of respective 
